Evidence for assembly of small multidrug resistance proteins by a "two-faced" transmembrane helix.
Clinically significant bacterial resistance to drugs and cytotoxic compounds can be conferred by the energy-dependent efflux of toxicants, catalyzed by proteins embedded in the bacterial cell membrane. One such group of proteins, the small multidrug resistance family, are drug/proton antiporters that must oligomerize to function, a process that requires the assembly of at least two inactive monomers by intermolecular association of their four transmembrane helices. Here, we have used peptides that correspond to each of the four wild type transmembrane helices of the Halobacterium salinarum protein Hsmr and a corresponding library of mutant peptides to determine the interactive surfaces that likely contribute to protein oligomerization. Hsmr peptides were examined for strong (sodium dodecyl sulfate-resistant) and weaker (perfluorooctanoate-resistant) helix-helix interactions, in conjunction with circular dichroism, fluorescence energy transfer measurements, and molecular modeling. The results are compatible with a scheme in which two faces of helix four permit self-assembly via a higher affinity asymmetric pairing and a lower affinity symmetric interaction, resulting in a discrete tetramer. Our finding that two surfaces of helix four can contribute to the stability of small multidrug resistance protein assembly provides a molecular basis for the design of therapeutics that target this antibiotic resistance mechanism.